ABSTRACT: Efforts were carried out to isolate vegetative insecticidal protein genes from local isolates of Bacillus thuringiensis. The study focused on vip1/vip2 binary toxin, considering its insecticidal potential against coleopteran and hemipteran pests. Thirty nine B. thuringiensis local strains and one standard reference strain (HD 1) were screened for the presence of vip1/vip2 gene by using a PCR approach. Among 39 isolates only four isolates (PDKV-08, PDKV-27, PDKV-28 and NCIM-5112) showed the presence of the desired gene. SDS-PAGE screened profiling of the isolates showed the presence of 95 kDa and 50 kDa protein which confirmed our PCR study. For further characterization, the vip1/vip2 gene was cloned from the PDKV-08 isolate by using the pJET1 cloning vector. Sequence homologous analysis confirms the presence of the vip1/vip2 gene. A further BLAST analysis also revealed that the isolated vip1/vip2 gene is highly conserved and showed a maximum of 88% sequence homology with existing vip1/vip2 genes. Insect toxicological potential was also elucidated by performing bioassays of PDKV-08 supernatant proteins against the coleopteran store grain pest, Sitophilus zeamais. The results from a bioassay revealed 60% mortality.
INTRODUCTION
B. thuringiensis, a Gram-positive soil bacterium, can produce insecticidal crystal (Cry) proteins or δ-endotoxins during the sporulation stage. B. thuringiensis has been successfully used in biological control for the last several decades 1 . Apart from being used as biopesticides, the utility of cry genes in developing the insect resistant transgenic plants is also well demonstrated and successful 2, 3 . During the past decades, hundreds of B. thuringiensis endotoxin genes have been identified, sequenced, and classified according to their sequence homology 4 . However, ever increasing insect resistance and narrow insecticidal spectrums imposes threat on long-term sustainability of Bt technology 1, 5 . Identification of novel B. thuringiensis toxin genes, having wide host range and new target sites, will mitigate the severity of this challenge.
In addition to δ-endotoxins, B. thuringiensis produces a novel family of insecticidal proteins named vegetative insecticidal proteins (Vip) during its vegetative stage 6 . These Vip proteins are produced throughout the growth phase of some B. thuringiensis and are secreted into the extracellular medium.
The B. thuringiensis nomenclature committee (BGSC) classified these vegetative insecticidal protein genes into 4 groups, 8 subgroups, 29 classes and 103 subclasses according to the encoded amino acid sequence similarity (see www.lifesci.sussex.ac. uk/home/Neil Crickmore/Bt/intro.html). These types of proteins include Vip1, Vip2, Vip3, and Vip4. The Vip1 and Vip2 proteins are the components of the binary toxin that exhibits toxicity to the coleopterans 7 . Vip1Aa1 and Vip2Aa1 are very active against corn rootworms, particularly Diabrotica virgifera and D. longicornis 8 , whereas Vip3 toxins are specific to Lepidopteran 6, 7 . In addition, vip genes have also been explored to develop insect resistance transgenic crops. The transgenic cotton (VipCot), based on vip3 gene developed by Syngenta 9 provides cotton growers a means to control bollworms, armyworm, and loopers.
The Vip1 and Vip2 insecticidal proteins were originally isolated and purified from a strain of B. cereus AB78, and then from B. thuringiensis var. tenebrionis 7 . Each polypeptide in the Vip1/Vip2 class of binary toxin evidently functions separately. The membrane-binding 95 kDa vip1 multimer provides a pathway for the 52 kDa vip2 ADP-ribosylase to enter the cytoplasm of target WCR cells 7 . The www.scienceasia.org NAD-dependent ADP-ribosyltransferase Vip2 likely modifies monomeric actin at Arg177 to block polymerization, leading to loss of the actin cytoskeleton and eventual cell death due to the rapid subunit exchange within actin filaments in vivo 10 . Recently, Vip1/Vip2 binary protein was identified from an isolate of B. thuringiensis showing toxicity towards cotton aphid (Aphis gossypii, Glover) 11, 12 . Cotton aphids are polyphagous pests, which cause devastating damages in various economically important crops including cotton, melon, tomato, and a variety of garden ornamentals etc 13 . Considering the menace of hemipteran and coleopteran pest in crops, the present investigation was planned to see the abundance of vip1/vip2 gene from local B. thuringiensis isolates by PCR approach. A new type of vip1/vip2 obtained during the investigation was cloned and sequenced. In supporting to this, the toxicity potential of Vip1/Vip2 containing B. thuringiensis isolates was carried out against coleopteran insects.
MATERIALS AND METHODS

B. thuringiensis strains Used
Twenty eight local B. thuringiensis strains (B. thuringiensis PDKV-01-28), isolated from the premises of Dr Panjabrao Deshmukh Krishi Vidyapeeth, Akola and Nagpur campus of Dr PDKV Akola were used in the present investigation. These local B. thuringiensis isolates were subjected for PCR screening for surveying the presence of vip1/vip2 gene. Reference strain HD1 was kindly obtained from Bacillus Genetic Stock Centre, Columbus, Ohio.
Similarly eleven different subspecies of B. thuringiensis were obtained from NCIM (National Centre for Industrially useful Microbes), NCL, Pune.
Total genomic DNA isolation
Genomic DNA was isolated from the B. thuringiensis isolates as per the method given by Ausubel et al 14 . All PCR amplifications were performed using the Eppendorffs PCR thermal cycler system. Isolates were tested for the presence of vip genes with the designed primers.
PCR screening of B. thuringiensis isolates
The vip1/vip2 genes specific primers were designed based on two known sequences of genes coding for vip1Aa/vip2Aa and vip1Ab/vip2Ab 7 . Forward primer (AAATTAGTGATCCGTTACCTTCTT) corresponds to positions 1076-1099 and the reverse primer (CAACTTGCTTTTCTTTCCCTTTAT) corresponds to positions 1794-1817 of vip1Ab/vip2Ab sequence. The amplified 742 bp fragment contained the 3-terminus of the vip2 gene and the 5-terminus of the vip1 gene. PCR conditions were 5 min initial denaturation at 94°C, followed by 35 cycles of denaturation at 94°C for 1 min, annealing at 50°C for 1 min, extension at 72°C for 2 min, and final extension for 15 min at 72°C 15 .
Characterization of vegetative insecticidal proteins
For insect bioassay, vegetative insecticidal proteins were obtained according to the method given by Sattar et al 11 . The protein was estimated by the Bradford method 16 and used for insect toxicity assay. Sodium Dodecyl Sulphate Polyacrylamide Gel Electrophoresis (SDS-PAGE) profiling of partially purified Vip proteins was carried out by using 10% SDS PAGE, according to standard protocol 17 . Biological activity of Vip1/Vip2 binary toxins was confirmed using standard bioassay procedures. Coleoptera bioassay against Sitophilus zeamais adults was conducted with surface application of sorghum 7 . B. thuringiensis subsp. kurstaki was used as a positive control. In each experimental set, 10 adults were released at 28°C. A control set containing sorghum seeds treated with only buffer solution was also maintained. The mortality observations were recorded after each 12 h.
Gene cloning and sequencing
Gene libraries of vip1/vip2 fragments of PCR products amplified from B. thuringiensis strain PDKV-08 were constructed in pJET1 vector (CloneJET Kit, MBI Fermentas make). These chimeric colonies were confirmed by the formation of white colony and confirmed by relative migration analysis and PCR screening. Recombinant plasmids obtained from E. coli transformed with vip1/vip2 gene were sent for the sequencing to the GeneOmbio Technologies Pvt. Ltd., Pune. Sequences obtained were converted in FASTA format and were subjected to BLAST by using the nucleotide BLAST programme available on NCBI web portal. BLAST was carried out against the non redundant (nr) nucleotide database. Highly similar sequences with lowest expect value were considered for assigning the putative class to the new sequence.
RESULTS
PCR screening of 39 B. thuringiensis isolates showed successful amplification of vip1/vip2 genes in the 4 isolates (11% abundance) PDKV-08, PDKV-27, PDKV-28, and NCIM-5112. The Vip1/Vip2 protein will have priority in future as it possesses insecticidal activity against coleopteran and hemipteran insect pest 7 .
SDS PAGE profiling of different vip proteins SDS PAGE was carried out to study the presence of different vip proteins harboured by B. thuringiensis isolates under study. Earlier reports suggest that molecular weight of Vip1 protein is 47 kDa and that of Vip2 protein is around 95 kDa, respectively 11, 18 . SDS-PAGE was performed by using partially purified protein, isolated from B. thuringiensis isolate under study. Although several common protein bands were detected among some strains, overall results clearly demonstrated a strain-specific pattern of polypeptide secretion in the culture medium, which reflect the final insecticidal potential results of the respective isolate. The isolate PDKV-08 displayed significant high larval mortality against lepidopteran pest. It is particularly relevant that a band in the position of the putative Vip1/Vip2-like polypeptide (95 kDa) appeared much more intense than in all others lanes. Also, some isolates (NCIM-5112, PDKV-27, and PDKV-28) showed the two different bands of size 50 kDa and 95 kDa which were relevant with the presence of gene vip1/vip2 binary toxins in that isolate as indicated by arrow in Fig. 2 .
Insect bioassay
The insecticidal potential of Vip1/Vip2 binary toxin was tested against coleopteran store grain pest S. zeamais. About 60% mortality (data not given) was obtained after 72 h. This confirms the coleopteran toxic nature of Vip1/Vip2 binary toxin. The detailed study pertaining to determination of LC 50 is currently under way. Similar results were observed by Warren et al 7 in 1996, who identified the toxic potential of binary toxin against western corn rootworm.
S. zeamais is a major pest of store grains in tropics. Pesticides for controlling weevils are available, but the resource poor farmers cannot afford them. Also the increase in occurrence of insecticide resistance and increasing environmental concerns about the use of chemical insecticide means that alternative control methods are required 19 .
Cloning of vip genes
The amplicon of vip1/vip2 (742 bp) from B. thuringiensis PDKV-8 was amplified using gene specific primers, cloned into pJET1 vector, and transformants harbouring inserts were isolated through white colony and confirmed with gene specific amplification and relative migration analysis of plasmids. Single pass sequencing of pJETPDKV-8 vip1/vip2 gene by using forward primer yielded 239 bp sequences, while the sequence obtained from using the reverse primer yielded 470 bp. The comparative analysis showed that the clones had 88% similarity comparing to the previously reported vip2Ac and vip1Ac genes (AY245547.1)
DISCUSSION
The study of distribution of the insecticidal gene among local B. thuringiensis isolates is helpful in understanding diversity of gene content, race evaluation www.scienceasia.org and lastly to discover any new or potent insecticidal gene. Several reports demonstrated the abundance of various cry [20] [21] [22] and vip 23, 24 genes, which proved effective in identification of potent B. thuringiensis strain and insecticidal genes. The present investigation showed that there was an 11% vip1/vip2 gene abundance. Warren et al 7 studied the distribution of vip1/vip2 gene in 463 Bacillus strains belonging to B. thuringiensis and B. Cereus, they reported 12% distribution of vip1/vip2 genes. However, Shi et al 15 . showed only a 2% existence of vip1/vip2 genes in B. thuringiensis isolates studied by them. This difference of gene distribution in our local ecological niche might be because of geographic distribution.
There were some isolates, viz., PDKV-08, PDKV-27, PDKV-28 and NCIM-5112 that showed two different bands of size 50 kDa and 95 kDa which were relevant with the presence of gene vip1/vip2 binary toxins in that isolate. Thus SDS-PAGE profiling is useful for confirmation and characterization of Vip1/Vip2 proteins. Selective profiling of the individual Vip proteins after cloning will be more helpful in characterization of these important insecticidal proteins which will be carried out in near future. However, this protein profiling study is supportive to PCR analysis and insect bioassay study.
The binary toxin Vip1Aa and Vip2Aa isolated from B. cereus AB78 is active at 20-40 ng/g against WCR and NCR belonging to coleopteran insects 7, 8 . However, Vip1/Vip2 proteins from B. thuringiensis appeared to have no activity against lepidopteran pests 15 . In our study, Vip1/Vip2 from B. thuringiensis strain PDKV-08 represented 60% mortality to S. zeamais a coleopteran pest. However, HD-1 a standard reference strains protein showed no activity against Coleopteran insects. This was probably owing to a proper target insect, such as S. zeamais, being used for our bioassays which indicated the toxicity of Vip1/Vip2 proteins against coleopteran pests.
The vip1/vip2 binary toxin gene was successfully cloned and sequenced. The nBLAST result clearly indicates that the new vip amplicon belongs to the vip1/vip2 genes. On the other hand, it showed significant difference than the all existing vip genes. This indicates the obtained vip1/vip2 gene having different motifs than the available Vip toxins.
The study led to the identification of a novel vip1/vip2 gene, which is known to effective, against coleopterans 7 . It is necessary to study the effect against insect pests, clone these genes into a plant expression vector, transform crop plants, and study their effectiveness against different insect pests.
